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EXTRANEURAL PROPAGATION O1 v POLIOMYELITIS VIRUS from infected monkey testicular tissue cultures. The inoculum for the Lansing strain was the supernatant fluid which had been obtained by the centrifugation at 1000 R.r.,a. for 10 minutes of a 10 per cent suspension of infected mouse brain and spinal cord. Virus was stored at the temperature of solid carbon dioxide. Assays for virus were carried out in mice (7) .
Antisera.--Type-specific poliomyelitis antisera were kindly supplied by Dr. Jonas Salk. The label for the Yale-SK antiserum was "Aliquot of B532, 533, 534, 535, bled 7/14/50" and the Lansing antiserum, "Lansing Antisera Pool A-300 20 June '49."
Tissue.--Testicular tissue was obtained from mature or immature monkeys, Macacus cynomolgus (7) .
Media for Cdl Cultures.--Two liquid media were employed. The first was a mixture of 50
per cent normal monkey serum, 5 or 10 per cent chicken embryonic extract (1 : 1), and 45 or 40 per cent balanced salt solution (Hanks's or Simms's). Monkey serum was obtained by femoral venepuncture and stored at 4--6°C. after the addition of phenol red (2 rag. per cent) to indicate pH. The complement naturally present was not inactivated by heat. Chicken embryonic extract was prepared as described previously (7) . For Experiments 3, 4, and 5, a second medium composed of one part ox serum ultrafiltrate and two parts Hanks's balanced salt solution was utilized.
The solid medium was chicken plasma which was clotted by the use of chicken embryonic extract (7) .
All cultures were incubated at 36-37°C. The absence of contaminating microorganisms from materials utilized for cellular and viral cultivation was assured by the use of liquid thioglycollate medium at 37°C.
Staining Method.--Cells in the plasma surrounding explants were fixed with Bouin's solution and stained with Harris' hematoxylin.
EXPERIMENTAL OBSERVATIONS

A Strain of Fibroblasts Deri~ed in Vitro from Monkey Testicular Tissue as
Host Cells for Poliomyelitis Virus, Type 2, Yale-SK Strain.--To obtain from monkey testicular tissue a morphologically homogeneous population of cells in culture, cells derived from an initial cellular outgrowth from fragments of monkey testicle were maintained through six successive serial transfers which extended over a period of 73 days. The original explants were quickly lost to result in cultures which were composed entirely of spindle-shaped cells; i.e., "fibroblasts." Although it is possible that an occasional de-differentiated form of macrophage, or Leydig cell, might have been present, examination repeatedly of the resulting cultures failed to show cells which were identifiable morphologically as epithelial or neural cells. Experiment 1 was designed to determine the ability of these "fibroblasts" to support the multiplication of poliomyelitis virus, Yale-SK strain. Experiment 1.--Explants were cut approximately 1 X 1 X 0.5 ram. in size from pieces of monkey testicular parenchymal tissue which had been kept under the cover of a thin layer of 10 per cent homologous serum in I-Ianks's solution for 9 days at 4--6°C. Three explants were embedded in clotted chicken plasma in each of six tubes, 16 X 150 ram., which were placed in a roller drum (9) . Each tube contained 20 drops of a mixture of monkey serum, 50 per cent, chicken embryonic extract, 5 per cent, balanced salt solution, 45 per cent. On the 7th day this liquid medium was replaced by a fresh mixture, and by the llth day one-half of the explants showed cellular outgrowth. The largest explants were then removed from the tubes, and bi-sected to form new explants, three of which were embedded in dotted chicken plasma in each of two new roller tubes. The liquid medium was changed on days 5 and 12 of cultivation. All explants showed satisfactory cellular outgrowth, and on the 17th day of cultivation, cells were again transferred to new tubes. The liquid medium in this passage contained 10 per cent instead of 5 per cent embryonic extract and was changed on the 9th and llth day of incubation. On the 16th day of this passage, cells were transferred to Porter flasks. Six explants from the cellular outgrowth of the previous passage were embedded in clotted chicken plasma on two cover glasses, 11 × 22 ram. These were placed in two Porter flasks and covered with 20 drops of serum medium containing 5 per cent embryonic extract. The liquid medium was replaced on the 5th day. On the 11th day, cells were transferred to new Porter flasks. Mter an additional 18 days of incubation, and replacement of the fluid medium at the 7th and 11th days, the ceils over a total period of 73 days had been carried in culture through five tissue passages. These cultures appeared to contain only "fibroblasts."
The sixth cellular passage was carried out in four Porter flasks. The liquid content of each flask, 0.75 ml., was a mixture of monkey serum, 50 per cent, chicken embryonic extract, 10 per cent, and balanced salt solution, 40 per cent. On the 6th day the liquid medium was removed and replaced by fresh medium containing 5 per cent embryonic extract. It Was observed on the following day that a cell population existed which was considered to be adequate for viral propagation. Yale-SK virus, 8 LD60 in 0.05 ml., was inoculated into each of two flasks. For control purposes, two flasks received no virus. The liquid media were changed in the flasks on days 11, 14, 17, 20, 24, 28, and 32 of cellular cultivation. The experiment was terminated on the 37th day, 30 days after viral inoculation. At the time of each liquid replacement, pooled supernatant liquids from the two flasks which contained virus were assayed in mice for viral content. The cells were observed microscopically at frequent intervals during cultivation. On the 13th day of viral cultivation, a control flask and one which contained virus were sacrificed for fixation and staining of the cells. After 37 days of cellular cultivation and 30 days of viral cultivation, the cells in the remaining flasks were fixed and stained. The results of Experiment 1 are made known in Table I , Text- fig. 1 and Figs. 1-6. Table I presents the data obtained in Experiment 1 and the results of calculations by methods described previously (8) . It can be seen that approximately 12,000 LDs0 of virus was produced during the 30 days of cultivation to result in more than a 1000-fold increment in virus.
Text- fig. 1 presents the growth curve of virus as reflected in the liquid phase of the culture in Experiment 1. It is evident that the pattern of viral proliferation in cultures composed entirely of fibroblasts is similar to the pattern of growth in cultures containing primary explants of monkey testicular tissue (8) . The growth curve obtained in Experiment 1 shows an initial cycle of viral production which consists (a) of a lag period which lasted 4 days, (b) of a period (days 4 to 10) of rapid release of virus into the liquid phase, and (c) of a plateau thereafter which represents a decrease in the rate of viral production into the liquid phase of the culture. It may be noted that a slight rise in the curve occurred during the 3rd and 4th week of cultivation. This increment may represent a second cycle in viral production. * The viral content was quantitated successively for pooled fluids during the first 13 days of viral cultivation and for the fluid from a single flask thereafter.
The results which were obtained in Experiment 1 showed that fibroblasts, derived from monkey testicular tissue, supported the growth of poliomyelitis virus, Yale-SK strain. The growth of this virus in fibroblasts resulted in growth curves similar to those which occurred in cultures containing the heterogeneous cellular population present in monkey testicular tissue. The consequence of viral multiplication in fibroblasts was their destruction. Thus, these findings established the parasitism in vitro by poliomyelitis virus of an extraneural cell; i.e., the fibroblast derived from monkey testicular tissue.
Fibroblasts in _Primary Cultures of Monkey Testicular Tissue as Host Cells for Poliomyelitis
Viruses, Types 1 and 2.--The mixture of cellular types which exist in monkey testicular tissue has made difficult the unequivocal idenfifica-tion of the host cells for the propagation in vitro of poliomyelitis virus. Since the spindle-shaped ceils which extend from primary explants of monkey testicular tissue are destroyed when virus multiplies, it has been reasonable to suspect that these fibroblasts are viral host cells. However, since a virus might conceivably destroy cells without multiplying within them, the positive identification of the fibroblast as a host cell for poliomyelitis virus, required the cultivation of these cells apart from the tissue explants. This was accomplished in Experiment 1, the results of which identify the fibroblast derived from monkey testicular tissue as a host cell for poliomyelitis virus, Yale-SK strain. It is probable, therefore, that the fibroblasts, which extend from primary explants of monkey testicular tissue are host cells which support the multiplication of poliomyelitis virus. Furthermore, the destruction of these cells must, by analogy with the effects of the Yale-SK strain in cultures of fibroblasts (Experiment 1), result from viral multiplication within them. These findings led to studies which were designed to demonstrate the destruction of fibroblasts in primary monkey testicular tissue cultures by two strains of Type 1 poliomyelitis virus, Mahoney (Experiment 2), and Minnesota 1949 (Experiment 3), and one additional strain of Type 2 virus, Lansing (Experiment 4). (30 drops) in the 16 X 150 ram. test tubes. When the explant cultures were prepared, minced tissue was stored at 36-37°C. by placing 10 to 15 pieces in a 16 X 150 mm. test tube which contained 1 ml. of ultrafiltrate-salt solution mixture. After incubation of the explant cultures for 3 to 7 days at 36--37°C., abundant ceils surrounded the explants. The liquid was then replaced with 1 ml. of ox serum ultrafiltrate medium, three or four pieces of finely minced monkey testicular tissue were added and 0.05 ml. of virus was inoculated. To demonstrate gradations in the extent of cellular degeneration which had resulted from the cultivation of poliomyelitis virus, suspensions of the Mahoney strain obtained from three different tissue culture passages were used to inoculate three groups of cultural flasks. One set of flasks, group A, was inoculated on the 7th day of tissue cultivation, and two sets, group B and group C, on the 4th day. For control purposes, similar cultural flasks received no virus. Every 3 or 4 days the liquid was removed and replaced with an equal volume of fresh ox serum ultrafiltrate medium. During cultivation the ceils were observed microscopically. Harris's hematoxylin was employed to stain cells from the cultures on the 7th day of viral cultivation for group A, on the 10th day for group B, and on the llth day for group C. (Figs. 7 and 8) . At more advanced stages of cellular destruction, normal cells were observed rarely (Figs. 9 and 10) . Finally, evidence of cellular outgrowth disappeared and the explants were of reduced size (Fig. 11) . For comparison, an explant at the same magnification is shown on the 15th day of cultivation with virus ( Fig. 11 ) and without virus (Fig. 12) .
To demonstrate the cytopathogenic effect of the Minnesota 1949 strain of Type 1 poliomyelitis virus for fibroblasts cultured from primary explants of monkey testicular tissue, Experiment 3 was performed. Minnesota 1949 strain of Type 1 poliomyelitis virus exerted a marked cytopathogenic effect (Figs. 13 and 14) . The degeneration of cells was evident from the 7th to llth day of viral cultivation. In contrast with these findings was the appearance of the normal cells which surrounded and extended from the primary explants of monkey testicular tissue (Figs. 17 and 18) .
The Lansing strain of Type 2 poliomyelitis virus was tested in Experiment 4 for its cytopathogenic effect on monkey testicular fibroblasts. Degeneration of cells resulted from cultivation of the Lansing strain of poliomyelitis virus for 11 days (Figs. 15 and 16 ). Normal cells were present in parallel control cultures (Figs. 17 and 18) . The results of similar experiments carried out independently of the present study demonstrated that this Lansing strain of poliomyelitis virus produced cytopathogenic effects with consistent regularity. However, these effects often were not evident until a stage in cultivation had been reached which was later than that required either by the Yale-SK strain or by the Mahoney strains to produce similar degenerative changes.
The results from Experiments 2, 3, and 4 established conclusively the cytopathogenicity of poliomyelitis viruses, other than the Yale-SK strain for the fibroblasts cultured from primary explants of monkey testicular tissue in ~itro. These findings made it apparent that these four strains of Type 1 and Type 2 poliomyelitis virus had multiplied in vitro within monkey testicular fibroblasts.
To establish unequivocally in cultures of human tissues, the causal relationship of poliomyelitis virus to its cytopathogenicity, Robbins et al. (10) , employed type-specific antibodies. These antibodies prevented the occurrence of cellular degeneration. Similarly, the cytopathogenic effects of poliomyelitis virus, Yale-SK strain, for monkey testicular cells were inhibited by the use of type-specific antibodies (11) .
For control purposes, Experiments 5 to 8 were carried out to establish that infectious poliomyelitis virus, and not a non-specific cellular toxin, gave rise to the degeneration of fibroblasts which was observed in Experiments 2 to 4. Type-specific antibodies were employed to neutralize the cytopathogenic effects of Yale-SK, Lansing, Mahoney, and Minnesota 1949 strains of poliomyelitis virus.
Experiments 5 to 8.--Fibroblasts were cultivated from primary explants of monkey testicular tissue by employing the method used for Experiment 2. Neutralization of virus was carried out by admixture in a syringe of equal quantities of viral suspension and undiluted type-specific monkey antiserum. For Experiment 4 (Yale-SK virus) and Experiment 5 (Lansing virus), the mixture of virus and antiserum was placed at room temperature for 45 minutes before 0.05 ml. aliquots were inoculated into cultures. For Experiment 6 (Maho~ey strain) and Experiment 7 (Minnesota 1949 strain) a period of 16 to 24 hours at 4-6°C. was essential for complete neutralization to occur with the antisera employed. Neutralization tests were controlled (a) by inoculating cultures with equal parts of virus and either Hanks's solution or normal monkey serum which had been kept under conditions identical with those used for the virus-antiserum mixture, and (b) by cultivating cells in the absence of virus to rule out the occurrence of non-specific toxicity from cultural reagents or procedures. A neutralization test was considered positive when the following criteria were satisfied: (a) the cells in the control cultures made up with virus had undergone typical degenerative changes, (b) the cells (Fig. 19) or Lansing virus (Figs. 21 and 23) . In contrast was the appearance of normal cells present in parallel cultures inoculated with neutralized virus (Figs. 20, 22 and 24) . The experiments that employed Mahoney strain (Experiment 7) and the Minnesota 1949 strain (Experiment 8) gave similar evidence of neutralization of the cytopathogenic effect.
The results of Experiments 5 to 8 show that the cytopathogenicity of poliomyelitis viruses for fibroblasts cultured from primary explants of monkey testicular tissue can be prevented by neutralization of the virus with typespecific antibody. Thus, the destruction of monkey testicular fibroblasts was causally related to the presence of infectious poliomyelitis virus. This observation emphasizes the direct relationship in vitro of poliomyelitis virus to an extraneural cell; i.e., the "fibroblast" derived from monkey testicular tissue.
DISCUSSION
Morphologically pure cultures of "fibroblasts" from monkey testicular tissue were employed in these studies as host cells for the propagation of poliomyelitis virus in vitro. The pattern of viral growth in these fibroblasts was similar to that observed in cultures which contained primary explants of testicular tissue (8) . It was found that fibroblasts, both in morphologically pure cultures and in primary cultures of tissue explants, were destroyed by poliomyelitis viruses.
It was made fully apparent by these studies that the destruction of monkey testicular fibroblasts is causally related to the presence of infectious virus for the cytopathogenic effect of poliomyelitis virus was inhibited by type-specific neutralizing antibodies. Moreover, that the mechanism responsible for cellular destruction was dependent upon viral multiplication within the cells was evidenced by three observations: (a) Poliomyelitis virus apparently had no immediate injurious effect on fibroblasts since cellular damage was absent during the first 24 to 48 hours of viral cultivation and commonly for several days thereafter. These results are in contrast to the observations that most injurious agents, for example, drugs or acids, when added to tissue cultures usually produce injury within 24 to 48 hours. There was no sign that poliomyelitis virus produced its cytopathogenic effect by a non-specific injurious action upon cells in tissue cultures. (b) Destruction of the cells was first noted during the period of active viral production. This finding suggests strongly that virus must be multiplying in cultures to cause cellular damage. (c) Poliomyelitis virus multiplied in cultures which contained only fibroblasts, to result in destruction of these cells. This finding is taken as evidence that not only must poliomyelitis virus be multiplying in the tissue culture, but that it must be multiplying within the fibroblasts to cause their destruction. Thus, the established ability of poliomyelitis virus to multiply within extraneural cells under cultivation in vitro is evidence that this virus is not an obligate neurotrophic virus.
The evidence required to identify cells in tissue cultures as host cells for a given virus may include the demonstration (a) that a single type of cell in pure culture supports the multiplication of virus, (b) that a certain type of cell is destroyed by virus, and (c) that cells contain inclusion bodies which are specific for the virus. For the unequivocal identification of a cell in vitro that is host to a virus, it is necessary to fulfill at least the first criterion. The second observation determines the cytotrophism of a virus, if one assumes that virus multiplies within the cells which are destroyed, as do bacterial viruses. On the other hand, viruses, such as the lysogenic bacteriophages within bacterial cells (12) or vaccinia (13), influenza (14) , and mumps (14 and 15), within chicken embryonic cells multiply without causing destruction of the host cell. Contrariwise, it is conceivable that in a viral tissue culture, destruction of cells might occur without the multiplication of virus within them. However, this possibility can be eliminated by the employment of cultures which contain cells of a single type to limit thereby viral multiplication to one type of cell. The destruction of cells in such morphologically pure cultures can be causally related only to viral multiplication within them. The third criterion cannot be established for poliomyelitis virus since this virus does not produce inclusion bodies. However that may be, the demonstration (a) that poliomyelitis virus multiplied in cultures composed only of "fibroblasts" and (b) that virus was cytopathogenic for "fibroblasts" fulfill the two criteria which are applicable to poliomyelitis virus, and were accepted as proof for its extraneural cytotrophism in vitro.
The cytotrophism of poliomyelitis virus in vivo, however, may differ from that present in vitro. Supportive evidence for a strict neuronotrophism for poliomyelitis virus in vivo has been found in the various manifestations of deranged cellular activity and cellular destruction that have come to be accepted as characteristic of clinical poliomyelitis. Many hypotheses have been advanced to explain the intimate relationship between poliomyelitis virus and neuronal cells, and to account for the axonal conduction of virus so frequently EXTRAlqEURAL PROPAGATION OF POLIOMYELITIS VIRUS observed in vivo. These hypotheses have commonly been predicated on the concept of strict neurocytotropism. This concept limits the propagation of poliomyelitis virus to neuronal cells. However unequivocal may be the relationship of histopathological findings to clinical poliomyelitis, any schema to explain the pathogenesis of poliomyelitis must include the possibility of extraneural viral multiplication to be compatible with the presence of virus in large quantities in the oro-intestinal tracts of poliomyelitic patients and of healthy carriers. The propagation of poliomyelitis virus in extraneural cells in vitro adds further support for the extraneural cytotrophism of poliomyelitis virus.
It must be emphasized that the results of the present studies should not be construed to mean that poliomyelitis virus multiplies within extraneural testicular cells in vivo. Certainly, differences exist between the environment of testicular fibrobtasts in vivo and in vitro, and such differences may markedly affect viral propagation. For example, Faber (16) selected as a factor possibly responsible for the successful cultivation of poliomyelitis virus in vitro, the elimination of extracellular inhibitory mechanisms. He states that the part played by ox blood serum ultrafiltrate in virus cultivation also appears to be critical. Although the results of the present studies show that serum ultrafiltrate is not essential for the successful cultivation of poliomyelitis virus, and that normal monkey serum serves equally well in the liquid medium, it is possible though, that other environmental factors which are present in vivo and not in vitro influence the relationship of poliomyelitis virus to testicular cells. Nevertheless, by removal of the tissue to an in vitro environment, these factors are modified so that the growth of poliomyelitis virus can occur in extraneural cells.
SUMMARY
Cells like fibroblasts, having no resemblance whatever to nerve cells were obtained in morphologically pure cultures from monkey testicular tissue and were found to support the growth in vitro of poliomyelitis virus, Type 2, Yale-SK strain. Moreover, these cells were destroyed as a result of the multiplication of this virus within them. Similarly, "fibroblasts" propagated in primary explant cultures of testicle were destroyed by poliomyelitis viruses, Types 1 and 2. Type specific antibodies neutralized the pathogenic effect of poliomyelitis virus on monkey testicular fibroblasts.
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EXPLANATION OF PLATES
PLATE 12
The cytopathogenic effect of poliomyelitis virus, ¥ale-SK strain, on monkey testicular fibroblasts in vitro. Harris' hematoxylin stain. Photographed by Mr. Henry Morris.
FI6. 1. A focal area of cellular degeneration at the 13th day of ¥ale-SK viral cultivation and twentieth day of cellular cultivation. × 100.
FI6. 2. Normal cells at the 20th day of cellular cultivation in a culture which contained no virus but otherwise was similar to that shown in Fig. 1 . × 100. 
